S1. Supplementary information for model definitions
The tables and figure in this section supplement the one-and two-dimensional (1-d and 2-d) model descriptions provided in the manuscript. Please refer to the manuscript for more context. half saturation constant for sulfate
( half saturation constant for carbon dioxide (Haynes, 2012) For the 1-d model, the concentration of dissolved components in the bulk liquid and membrane lumen were assumed constant in time and space. This explains the very high influent flowrates into the bulk liquid Q in bl and lumen Q in,mem , relative to the volume of the biofilm V bio and lumen V lumen and rates of transformation. The choice in biofilm surface area became inconsequential with the simulation of constant concentrations, though the ratio of inner biofilm area A inner to outer biofilm area A outer was important (see Section 3.3 in the manuscript). For a flat attachment surface, the ratio A inner :A outer = 1. Table SIV also lists the diffusivity D mem and thickness of the membrane t mem , which were pertinent to hydrogen mass transport into the biofilm. Figure S1 shows the modeling domain used in the 2-d biofilm model. The gas-supplying hollow fiber membrane fabric was represented at the bottom of the channel. Martin et al. (2013) as is referenced in the manuscript. Therefore, the use of some of the listed parameters are not explicitly described in the manuscript, but in Martin et al. (2013 
S2. Matching the 1-d and 2-d model biofilm densities
We want to match the characteristics of the 1-d and 2-d biofilms as best as possible. In Aquasim, the biofilm is divided into a particulate fraction ε p and a liquid fraction ε l (i.e., pore space).
AQUASIM infers ε p and ε l from the user-defined parameters of particulate fraction density ρ X , and volume-based particulate concentration S X , knowing S X = ε p · ρ X and ε p + ε l = 1. AQUASIM also (Table SV) . In addition, D eff of each component was assigned as 80% of the diffusivity in water, as is commonly used and supported by literature findings (Rittmann and McCarty, 2001 ). However, based on ε p = 0.8, AQUASIM internally calculates the effective diffusivity in the 1-d model according to D eff = 0.2·D water . To impose an effective diffusivity of 0.8·D water , we defined the ε p and ε l fractions as 0.2 and 0.8, respectively, and adjusted ρ x to be 120 kg COD·m -3 (Table SIV) . This way, S x remained as 24 kg COD·m -3 . AQUASIM uses the volume-based particulate concentration S X to calculate the solution, so changes to ε p and ρ x do not affect the results.
S3. Effect of hydrogen intramembrane pressure
Experimental MBfR literature stresses the importance of controlling the hydrogen concentration to limit SRB and MET growth (Lu et al., 2009; Ziv-El and Rittmann, 2009) . Figure S2 shows the nitrate, sulfate, and methane fluxes for variable sulfate and intramembrane hydrogen pressures at two different biofilm thicknesses. The 100 µm thick biofilm experienced less diffusional resistance, which led to higher rates of denitrification than the 300 µm biofilm ( Figure S2a and d) . The 100 µm biofilm faced significant hydrogen limitation at an intramembrane hydrogen pressure of 1.7 atm, restricting rates of denitrification and stopping SRB activity ( Figure S2b ). Increasing the hydrogen intramembrane pressure improved denitrification, although with diminishing returns. Eventually, the hydrogen pressure no longer limited denitrification and excess hydrogen supported sulfate reduction and methane production, though MET were only active when bulk liquid sulfate concentrations were low ( Figure S2b and c) . The 300 µm biofilm never experienced significant hydrogen limitation as the nitrate fluxes were very similar at S NO3,bl = 1 g N·m -3 for each scenario ( Figure S2c) . Interestingly, intramembrane hydrogen pressures of 1.7 and 2.7 atm supported slightly greater nitrate fluxes than at an intramembrane pressure of 3.7 atm due to the unique niche created at the inside of the biofilm. At greater hydrogen pressures, substantial SRB and MET concentrations increased near the membrane, where they consumed hydrogen and lowered the rate of hydrogen delivery to the DNB locating in the outer regions of biofilm. The nitrate was still completely consumed within the biofilm, albeit at lower rates. The rates of sulfate reduction and methane production were greater for the 300 µm biofilm as the thicker biofilm introduced greater diffusional resistance for hydrogen and nitrate transport ( Figure S2e and f). 
S4. Substrate profiles for biofilms of variable thickness
See the manuscript, Section 3.1.2. for context for the figure. Figure S3 : Substrate profiles for biofilms of 100, 200, and 300 µm thickness.
S5. Effect of liquid diffusion layer (LDL) on flux
Formation of preferential flow zones is a common problem in membrane reactors, especially in configurations based on tightly packed membranes (e.g., bundling). With preferential flow, some biofilms will be relegated to zones of stagnation, where diffusion is the main mode of mass transport. These biofilms experience thick LDLs, which lead to a decline in substrate flux. The Figure S4 . Nitrate flux decreased with increasing LDL thickness, severely limiting the biofilm of nitrate. Sulfate remained nonlimiting, therefore sulfate flux was not impeded. Moreover, with increasing LDL thickness, hydrogen became available to the SRB and improved sulfate flux.
The effect of LDL thickness experienced diminishing returns. Decreasing LDL thickness from 1000 µm to 500 µm exhibited little affect reactor performance, but decreasing it from 500 µm to 300 µm resulted in significant improvements. The LDL had greater effect on the thinner biofilm of 100 µm than the 300 µm biofilm since the 300 µm biofilm was already experiencing the effects of diffusional limitation. Figure S4 : The effect of liquid diffusion layer on the nitrate and sulfate fluxes of a) a 100 µm and b) 300 µm thick biofilm. 
